RNAs associated with LPE1 were isolated following immunoprecipitation (IP) of LPE1 from LPE1-FLAG transgenic plants using the anti-FLAG antibody. All plastid-encoded PSIIg p g y p related genes were analyzed. Quantification of the association between each mRNA and LPE1 was determined using quantitative RT-PCR. Five additional independent biological replicates were performed with similar results. Expressed His-LPE1 proteins were purified on a Ni-NTA agarose resin matrix. Samples were resolved using SDS-PAGE and stained with Coomassie brilliant blue. g A 520-aminoacid peptide (corresponding to amino acids 79-598 of HCF173) was expressed in Escherichia coli BL21 (DE3) and used to raise antibodies against HCF173 in rabbits. Affinity-purified anti-HCF173 polyclonal antibodies were produced. An equal quantity (0.5 μg) of chloroplast proteins from wild-type and hcf173 mutant plants was loaded in each lane, except the first (0.25 μg of protein). Three additional independent biological replicates of the experiment were performed; similar results were obtained. Total proteins extracted from wild-type (Col-0) plants and lpe1-3 mutants were separated using 12% SDS-urea-PAGE. Gels were electroblotted onto PVDF membranes, and probed with antisera against HCF173. Samples were loaded on an equal loading basis and stained with Coomassie brilliant blue (CBB) to show protein levels. Similar res lts ere obtained from fo r independent biological replicates Similar results were obtained from four independent biological replicates. Phylogenetic analyses of LPE1 from plants were performed using the MEGA program (www.megasoftware.net). The phylogenetic tree was generated using MEGA5. Full-length amino acid sequences of proteins homologous to g g q p g
Arabidopsis thaliana LPE1 from Physcomitrella patens, Populus trichocarpa, Vitis vinifera, Cucumis sativus, Ricinus communis, Glycine max, Fragaria vesca, Solanum lycopersicum, Oryza sativa, Zea mays, Hordeum vulgare,
and Aegilops tauschii were selected to generate a bootstrap neighbor-joining % f phylogenetic unrooted tree. Percentages over 50% from 1000 bootstrap replicates are shown. Scale bar: 0.1 amino acid substitutions. 
His-tag Construct
SI Materials and Methods

Plant Materials and Growth Conditions
All 
Analysis of Chlorophyll and Chlorophyll Fluorescence
Chlorophyll was extracted from 3-week-old plants using 80% acetone in 2.5 mM HEPES-KOH, pH7.5; the chlorophyll content was determined as previously described (1).
Chlorophyll fluorescence parameters were measured using the MAXI version of the IMAGING-PAM M-Series chlorophyll fluorescence system (Heinz-Walz Instruments) as previously described (2).
Transmission Electron Microscopy
Transmission electron microscopy was performed as described by Yao and Greenberg (2006). Fully expanded leaves from the lpe1-3 and wild type plants were collected 4 weeks after infection. Micrographs were taken using a transmission electron microscope (JEM1400; JEOL).
Isolation of Thylakoid Membranes
Thylakoid membranes were prepared as previously described (3). Isolated thylakoid membranes were quantified based on total chlorophyll. Total proteins from leaf thylakoid membrane were extracted. Protein concentrations were determined using the Bio-Rad detergent-compatible colorimetric protein assay according to the manufacturer's protocol (Bio-Rad).
RT-PCR and Quantitative Real-Time RT-PCR
Total RNA was extracted from Arabidopsis rosette leaves using an RNAeasy Plant Mini Kit (QIAGEN). RNA samples were reverse-transcribed into first-strand cDNA using a PrimeScript RT Reagent Kit (Takara).
Quantitative real-time RT-PCR was carried out using gene-specific primers and SYBR Premix ExTaq reagent (Takara) and a real-time RT-PCR system (RoChe-LC480), following the manufacturer's instructions. Reactions were performed in triplicate for each sample, and expression levels were normalized against ACTIN and UBQ4. The primers for quantitative real-time
RT-PCR analysis of plastid genes were as described previously (4).
BN-SDS-PAGE and Immunoblot Analyses
BN-PAGE and two-dimensional analysis and immunodetection of proteins on a PVDF membrane were performed as described (2) . For quantification of thylakoid proteins, gels were loaded on an equivalent chlorophyll basis, in amounts ensuring immunodetection was in the linear range. Other than anti-His and anti-Actin (which were raised in mice), all other primary antibodies and antisera were raised in rabbits. Antisera against photosynthetic proteins were purchased from Agrisera. D1, AS05084; D2, AS06146; CP43, AS111787; CP47, AS10939; PsbE, AS06112; PsbF, AS06113; PsbO, AS05092; Cytf, AS08306; PsaA, AS06172; PsaB, AS10695; PsaD, AS09461; LHCa1, AS01005; LHCb1, AS01004; ATPB, AS05085.
In Vivo Labeling of Chloroplast Proteins
In vivo protein labeling was performed as described previously (5 
RNA Gel Blot and Polysome Association Analyses
Total RNA was extracted from Arabidopsis leaves using Trizol reagent (Invitrogen). RT-PCR analysis was performed with a Scientific Revert Aid First Strand cDNA Synthesis Kit (Thermo). RNA gel-blot analysis was performed using the DIG Easy Hybrid system (Roche). Polysome association analysis was performed as described previously (6) . The signals were visualized with a Lumino Graph WSE-6100 (ATTO). RL 6,000 RNA markers (Takara) were used as molecular markers.
Subcellular Localization of GFP Fusions and BiFC
Subcellular localization of GFP fusion proteins and BiFC were performed as previously described (7).
Chloroplast Fractionation and Immunolocalization Studies
Separation of thylakoid and stroma phases and salt washing of thylakoids were performed as described previously (8) . 
Analysis of D1 Protein Accumulation under High Light
Immunoprecipitation
Immunoprecipitation of LPE1 with HCF173 was performed as described (9) with minor modifications. Chloroplast proteins were solubilized with 2% (w/v) DM in 20% glycerol (w/v), 25 mM BisTris-HCl, pH 7.0, and 1mM PMSF for 20 minutes at 4°C. After centrifugation, the supernatant was diluted in an equal volume of the same buffer without DM and preincubated with affinity-purified anti-FLAG antibody at 4°C for 2 h. Preincubated thylakoid membrane proteins (200 mL, 0.5 mg chlorophyll/mL) were incubated at 4°C overnight with Protein A/G Plus agarose in Pierce spin columns. After incubation overnight with constant rotation at 4°C, the resin was washed five times with ice-cold PBS buffer (pH 7.8), and bound proteins were eluted with SDS-PAGE sample buffer, resolved by SDS-PAGE, and subjected to immunoblot analysis.
RNA Immunoprecipitation (RIP)
RIP assays were performed as described (10) RT-PCR assays, 1 μg of total RNA was used for the input fraction, and 20% of the RNA immunoprecipitate was used for immunoprecipitation.
EMSA Assays
The mature form of wild-type LPE1 without the putative plastid transit peptide was expressed in Escherichia coli as a His-tagged fusion protein, and 
Generation of Anti-HCF173 Polyclonal Antibodies
A 520-amino-acid peptide (corresponding to amino acids 79-598 of HCF173) was expressed in Escherichia coli BL21 (DE3) and used to immunize rabbits. Anti-HCF173 polyclonal antibodies were confirmed in Fig.   S9 .
VIGS Assay
Plasmids pTRV1 and pTRV2 based on Tobacco rattle virus were used for VIGS. To construct pTRV2-HCF173 vectors, HCF173 cDNAs were PCR amplified using primers described in Supplemental Table S1 and cloned into the pTRV2 vector. The pTRV2-GFP vector was utilized as a negative control.
The pTRV1 and pTRV2 derivatives were introduced into Arabidopsis plants
by Agrobacterium-mediated transformation as described previously (13) .
Determination of the Redox State of LPE1 Protein in Vivo
The in vivo redox states of proteins were determined using protein extracts prepared from LPE1-FLAG transgenic plants exposed to light for different length of time using extraction buffer without reducing agents, with minor modifications of the method described previously (13) 
Accession Numbers
Amino acid sequence data for LPE1 and its homologs in other species can be found in the GenBank databases under the following accession numbers: 
